uterine cancer as well as between ABS and ischemic heart disease, NO3 levels and liver cancer 18). The present paper explores epidemiologically the association between fluoride level and uterine cancer mortality using correlation and multivariate analyses. Uterine cancer here includes both cancer of the corpus and the cervix.
Although fluoride treatment of community water has been surrounded by controversy regarding the possibility of adverse health effect, the carcinogenicity of fluoride remains unclear 19) .
MATERIALS AND METHODS

Municipalities Investigated
Twenty of the 53 municipalities in Okinawa prefecture, Naha City, Okinawa City, Ginowan City, Urasoe City, Itoman City, Gushikawa City, Ishikawa City, Nago City, Kin Town, Kadena Town, Chatan Town, Nishihara Town, Yonabaru Town, Sashiki Town, Haebaru Town, Kochinda Town, Motobu Town, Katsuren Town (the above being in the Okinawa Island proper), Hirara City (Miyako Island), Ishigaki City (Ishigaki Island) were investigated. Thirty-three municipal 
Drinking Water Quality
Long-term drinking water quality data collected from 1968
to 1980 (Tohyama unpublished data) were analyzed. Trihalomethane content was analyzed over three years (1978, 1979, 1980 Handbook II, Multivariate Analysis28) was used for multiple regression analysis using a backward elimination procedure in order to screen variables for inclusion in the final model.
RESULTS
Drinking water quality
The concentrations of 15 components in drinking water from 1968 to 1980 in the 20 municipalities were averaged in order to investigate the overall water quality in Okinawa prefecture. The results are shown in Table 1 . As shown in Table 1 , dissolved solids range from 106.17mg/l to 485.49mg/l, and the range is wide. Also, fluorides are scattered with a minimum 0.02mg/l and maximum 0.37 mg/l. These concentrations can be divided into two groups, namely one greater than 0.19mg/l and the other less than 0.03mg/l.
Relationship Between Fluoride Concentration and Uterine Cancer Mortality Rate
Pearson's correlation analysis was used to evaluate the relationship between fluoride concentration in drinking water and Figure 2 .
Multiple Regression Analysis of Uterine Cancer Versus Fluoride and Socioeconomic-Uterine Variables Water quality and other socioeconomic-uterine variables that are considered to be related to uterine cancer mortality rate are listed as potential risk factors in Table 2 . Using the uterine cancer mortality rate (1973) (1974) (1975) (1976) (1977) (1978) (1979) (1980) (1981) (1982) (1983) (1984) (1985) in the 20 municipalities shown in Figure 2 as the criterion variable, and using fluoride concentration (1968) (1969) (1970) (1971) (1972) (1973) (1974) (1975) (1976) (1977) (1978) (1979) (1980) Table 2 as the explanatory variables, multiple correlation analysis by the variable selection procedure was carried out. The results are listed in Table  3 . The explanatory variables selected in the final model were fluoride concentration, income gap, stillbirth rate, tap water diffusion rate and divorce rate. The highest significance was that of fluoride concentration.
Time Trend
The time trends of water fluoridation were studied by analyzing the changes in fluoride concentration over time in several municipalities. The results are shown in Figure 3 and 4. The 5-year uterine cancer mortality rates in either fluoridated or non-fluoridated municipalities were also compared over 4 consecutive time periods (1973-'77, 1978-'82, 1983-'87, 1988-'92) . The results are shown in Figure 5 As shown in Figure 3 , the fluoride level declined suddenly in 1972 when sodium fluoride addition was discontinued. The fluoride level in Figure 4 is very low and does not change substantially. When the two curves in Figure 5 are compared, the slope of curve A-fluoridated (15 municipalities) appears to be sharper than that of curve B-non-fluoridated (5 municipalities). The mortality shown by curve A is higher for every time period compared to that of curve B. However, in the last period (1988-92), the mortality shown by curve A approaches that of curve B.
DISCUSSION
Surface water is the primary source of drinking water in Okinawa prefecture.Compared to the average qualiti of river water in the rest of the world, Ca, HCO3 29) levels are higher outside of Japan because of the high lime stone content, whereas SiO230) is higher in Japan due to the influence of volcanic geology and soil, and Cl, Na, SO431) levels are higher in Okinawa due to direct influence of sea water on the small islands. The mean concentration of dissolved solids is 119.8 mg/l in the rest of the world, 86.4 mg/l in Japan, and 253.4 mg/l in Okinawa. When Okinawa is divided roughly into two regions, the non-calcareous area and the calcareous area, the dissolved solid content is markedly higher in the latter region, 592.2 mg/l compared to 111.2 mg/l 32).The drinking water quality in the 20 municipalities in Okinawa prefecture reflects the same characteristics as those of the water sources. Judging together from Table 1 , Figure 1 , Figure 3 and Figure 4 , fluoride concentrations less than 0.03mg/l are attributed to natural origins and do not seem to be subject to the infuences of other water contents and the local calcareous or non-calcareous geology.However, concentrations greater than 0.19mg/l occur as a result of fluoridation of municipal water supplies. Fluoride supplementation was added to tap water in municipalities such Table 3 . Results of multiple regression analysis of uterine cancer mortality versus variables listed in Table 2 for 20 municipalities in Okinawa, Japan. as Naha City, Ishikawa City, Gushikawa City, Ginowan City, Urasoe City, Itoman City, Okinawa City, Kin Town, Kadena Town, Chatan Town, Nishihara Town, Sashiki Town, Yonabaru Town and Haebaru Town during the 27-year U. S. administration of Okinawa prefecture from 1945 to 1972, whereas municipalities such as Nago City, Motobu Town, Kochinda Town, Hirara City and Ishigaki City received no fluoride supplementation. The mean fluoride concentration over the 13 years in the municipalities supplemented with fluoride was between 0.19 and 0.37 mg/l, whereas that in municipalities which recieved no fluoridation was between 0.02 and 0.03 mg/l. As can be seen in Figure 2 , the uterine cancer mortality rate shows a significantly positive correlation with the fluoride concentration in drinking water (r=0.626, p<0.005). Using the regression line in Figure 2 , the uterine cancer mortality rate in the municipalities supplemented with fluoride at a concentration of 0.30 mg/1 (mean over 13 years) is 69.5% higher than that in the municipalities at zero fluoridation.
Weak associations in epidemiological studies are always sensitive to the influence of confounding variables. In Table 2 , the tap water diffusion rate, percapita water consumption, population density, population in primary and secondary industies and stillbirth rate, marriage rate, divorce rate are considered to be confounding variables. The first 5 variables are considered to be socioeconomic factors and the latter 3 uterine factors. As shown in Figure  3 However, the carcinogenicity of fluoride in animals and humans remains unclear despite numerous biomedical and epidemiological studies7. [42] [43] [44] [45] [46] ). The present study was able to demonstrate a possible association between water fluoridation and uterine cancer mortality. Further research, therefore, will be necessary to evaluate this association. These studies should emcompass other individual predictors of cancer risk (or confounding factors), such as smoking,dietary patterns and sexual activity.
